The luminescent liquid crystals (LLCs) are expected to solve the conflicts between the aggregation caused quenching and the requirement of aggregation or self-organization for LCs. Herein, we developed a new strategy of applying aggregation-induced emission (AIE) phenomenon to the molecular design of LCs towards LLCs. In this report, a calamitic liquid crystal based on tolane with AIE characteristics was successfully synthesized and the chemical structure was characterized by 1 H,
Introduction
Though liquid crystals (LCs) have found a wide range of applications in high-tech fields, especially in panel display devices [1, 2] , the application of liquid crystal displays (LCDs) are still have disadvantages for its low brightness and low energy efficiency, which are caused by the use of unpolarized backlight because of the conventional LCs are non-emissive. It is expected that luminescent liquid crystals (LLCs) can overcome such shortcomings. The LLCs combined intrinsic light-emitting capability and spontaneous self-organization within a liquid crystalline phase and may emit linear or circular polarized light when aligned [35], which may be utilized for the construction of lighting and orientating layers in LC optical display devices, thus obviating the use of polarizing sheets and absorbing color filters. The color and brightness of the light emitted by the LLCs may be manipulated by external fields, which may lead to the development of readily tunable electrochromic and optical switching systems. Such approach can simplify the device design and substantially increase the device brightness, contrast, efficiency, and viewing angle [1, 6] . In this regards, the synthesis and properties of LLCs is an important topic.
Despite of the promising prospects of highly emissive LCDs, the synthesis of LLCs is still challenging. In the LC phases, many molecular emitters, particularly those formed by disc-like emissive molecules [7] , are highly emissive in solution, but dim in the solid-state when aggregates are formed. The chromophoric mesogens are usually regularly packed and undergo strong intramolecular interactions, which often quench their light emissions due to the formation of detrimental species such as excimers and exciplexes [8, 9] , exhibiting typical aggregation caused quenching (ACQ) effect. Various molecular strategies are used to maintain the exciton emissive in the solid state and to avoid quenching configurations. Nevertheless, the light emission is often maintained at the expense of ordered molecular packing, thus making the synthesis of mesomorphic materials with efficient light emissions a daunting job. Exactly opposite to the notorious ACQ effect, an unusual phenomenon of aggregation-induced emission (AIE) was discovered by Tang and coworkers [1012] . Instead of ACQ commonly observed in conventional luminophors, aggregation has enhanced the emission of those molecules, turning them from non-luminescent or weak fluorophors when molecularly dissolved into strong emitters when they are aggregated into nanoparticles in poor solvents or fabricated into thin films in solid state. Now, many AIE luminogens have been synthesized [13] [14] [15] and AIE phenomena have been used effectively to synthesize luminescent polymers [16] , sensitive fluorescent chemosensors for detection of explosives [17] , bio-imaging [18] , biosensors [19, 20] and detection of the critical micelle concentration [21] . Introduction of AIE-active dyes into liquid crystals may solve conflicts between liquid crystals and fluorescence. By this strategy, we synthesized a LLC composed of an AIE-active TPE core and four peripheral tolane mesogens and successfully obtained high solid-state efficiency of 67.4±5% and stable mesomorphic structure at low temperature [22] . Here, we report the synthesis and properties of 1-((12-bromododecyl)oxy)-4-((4-(4-pentylcyclohexyl)phenyl)ethynyl) benzene (a tolane derivative, Scheme 1, denoted as 1), a calamitic LC molecule with AIE characteristics.
Experimental

Materials
THF was distilled under normal pressure from sodium benzophenone ketyl under nitrogen immediately prior to use. Dichloromethane (DCM) was distilled under normal pressure over calcium hydride under nitrogen before use. Triethylamine (TEA) was distilled and dried over potassium hydroxide. 4-iodophenol (2), 1,12-dibromododecane (3), (trimethylsilyl)acetylene (6), 1 M tetrabutylammonium fluoride (TBAF) in THF (containing 5% water), copper(I) iodide (CuI), triphenylphosphine (PPh3), dichlorobis (tri-phenylphosphine)palladium(II) [Pd(PPh 3 ) 3 Cl 2 ], potassium carbonate, magnesium sulfate, sodium sulfate, and acetone, were all purchased from Aldrich. 1-iodo-4-(4-pentylcyclohexyl) benzene (5) was purchased from Shijiazhuang Chengzhi Yonghua Display Materials Co., Ltd (China). All these materials are analytical grade and used as received.
Instruments
1
H and 13 C NMR spectra were measured on a Bruker ARX 400 spectrometer using chloroform-d as solvent and tetramethylsilane (TMS, δ = 0) as internal standard. Matrixassisted laser desorption/ionization time-of-flight (MALDI-TOF) high-resolution mass spectra (HRMS) were recorded on a GCT premier CAB048 mass spectrometer.
Absorption spectra were taken on a Milton Roy Spectronic 3000 Array spectrometer. Emission spectra were taken on a Perkin-Elmer spectrofluorometer LS 55 and the quantum efficiency was determined using 9,10-diphenylanthracene (DPA,= 90% in cyclohexane) as standard. LC phase transition behavior was investigated by differential scanning calorimetry (DSC) using NETZSCH DSC 200F3 equipped with liquid nitrogen refrigerator, the temperature and heat flows were calibrated using benzoic acid and indium as standard materials. To observe the LC textures, polarized optical microscopy (POM) experiments were carried out on a Leica DML microscope equipped with a Linkam TP94 hot stage.
Synthesis of AIE active LC of 1
The tolane derivative 1 was prepared according to the synthetic route shown in Scheme 1 and the typical procedures and the structural characterizations are shown below.
1-((12-Bromododecyl)oxy)-4-iodobenzene (4)
Into a 250 mL round-bottom flask equipped with a reflux condenser was added 3.94 g (12 mmol) of 1,12-dibromododecane and 5.53 g (40 mmol) of potassium carbonate in 100 mL of acetone. 2.20 g (10 mmol) of 4-iodophenol (2) in 40 mL of acetone was added into the flask dropwise within 4 h under reflux. The mixture was further refluxed for 24 h and then cooled to room temperature. The inorganic salt was filtered and washed with acetone several times. The filtrate was concentrated by a rotary evaporator and the residue was extracted with 200 mL of DCM. The organic phase was washed with 150 mL of water three times and 100 mL of brine twice and then dried over 5 g of magnesium sulfate for 4 h. The crude product was condensed and purified on a silica-gel column using hexane as eluent. A white solid of 4 was obtained in 60.6% yield. 
1-Ethynyl-4-(4-pentylcyclohexyl)benzene (8)
Into a 100 mL round-bottom flask was placed 30 mL of a THF solution of 7 (3.27 g, 10 mmol) and 15 mL of 1 M TBAF. After stirring for 45 min, 30 mL of water was added. The mixture was extracted with 200 mL of DCM three times and the DCM solution was washed by brine twice. The mixture was then dried over 5 g of anhydrous sodium sulfate for 4 h. The crude product was condensed and purified on a silica-gel column using hexane 
1-((12-Bromododecyl)oxy)-4-((4-(4-pentylcyclohexyl)phenyl) ethynyl)benzene (1)
Into a 250 mL two-necked flask were added 70. 3 Results and discussion
Aggregation-induced emission
Tolane is an AIE active molecule, that is, tolane is virtually non-emissvie when molecularly dissolved in good solvent (THF), but emits intensely when aggregated in poor solvent (water). To confirm the tolane derivative 1 is also AIE active, we investigated the photoluminescence (PL) behaviors of 1 in solution and in aggregated states. The THF solution was obtained by directly dissolving the compound 1 in THF and the aggregated state were prepared by adding pure water into the THF solution under vigorous stirring. The absorption spectrum of 1 in THF exhibits two peaks at 295 and 313 nm that corresponds to the electronic absorption of tolane.
When illuminated with a UV lamp at 280 nm, the THF solution is nearly non-emissive, showing 1 is a weak emitter when it is molecularly dissolved and the quantum efficiency  F,s is only 0.0082. With addition of pure water into the THF solution, an intensified PL peak centered at 340 nm was recorded (Figure 1 ) and the PL intensity in THF/water mixtures with 10% water fraction is about 10 times stronger than that in THF solution. Furthermore, the emission was stable with gradual addition of water till 50% water fraction. With continuously add water to suspension mixtures, the PL intensity increase accordingly and the PL peak center slowly red shift to ~360 nm and the highest emission was obtained in THF/water mixtures with 70% water fraction. The results indicate that the compound 1 is AIE active. The quantum efficiency  F,f in the aggregate state can be increased to 0.18, which is 21 times higher than that in the solution state. The fluorescent microscopy images under natural light and UV lamp also provided in Figure 1 (c) and (d). The phenyl rings in the tolane derivative 1 undergo active intramolecular rotations in the solution, which effectively quenches its light emissions. However, their intramolecular rotations are physically restricted in the condensed phase, thus turn on their emissions.
Phase transitions and structures
From a geometrical viewpoint, the tolane is calamitic shape and can form LC phase after chemically modified with flexible tails. To investigate whether the compound 1 is mesomorphic or not, we conducted DSC and POM experiments to study its phase transitions behavior. Figure 2 shows DSC results of 1 during first cooling and subsequent heating process at a scan rate of 10 °C/min. Four exothermic peaks at 165, 137, 116, and 33 °C were observed during cooling, whereas the endothermic peaks during the subsequent heating process are observed at 75, 117, 138, and 166 °C. Clearly, the three transition temperatures at relative higher temperature during cooling are rather close to that observed during heating, indicating such transitions approach to the thermodynamic equilibrium, usually associated with LC transitions. While the transition at lowest temperature during cooling is 42 °C lower than that observed during heating, which means the transition is related to the formation of crystal structure. Clearly, the transitions sequence during cooling are subjected to the isotropic-LC, LC-LC, LC-LC, and LC-Crystal transitions.
The crystal structure of 1 was obtained on Rigaku Saturn diffractometer with CCD area detector. The crystal was grown by slow evaporation from THF solution and figure 3 depicts the molecular packing model of 1 in a single cell. Results show that the sample of 1 forms triclinic crystal system and P1 space group with cell parameters of a = 6.1 Å, b = 12.3 Å, c = 22.2 Å,  = 94°,  = 96°, and  = 97°. Two molecules pack oppositely along c axis in a single cell. The calculated density of 1.20 g/cm 3 is agrees well to the determined value of 1.21 g/cm 3 of the annealed sample. The phase transition behaviors were also investigated by POM, as shown in Figure 4 is the LC texture images of 1 recorded during cooling from isotropic liquid to room temperature. When the sample cooled from isotropic liquid to 160 °C, marble texture observed indicating nematic LC phase formed. With the sample cooled to 125 °C, schlieren texture of smectic C phase observed. When the temperature cooled to lower than the third transition temperature, needle-like texture of smectic B phase observed. With the sample continuously cooled to room temperature, the sample crystallized and spherulite texture observed. 
Conclusions
In summary, through rational chemical modification of AIE active tolane, a calamitic liquid crystal with AIE characteristics was successfully synthesized, the emission behavior was studied by fluorescence spectroscopy and the liquid crystal phase transitions and structures were investigated. Results demonstrated that the calamitic liquid crystal can form nematic, smectic C, and smectic B phase before crystal phase formed. Moreover, our new strategy overcomes the ACQ problem of conventional luminescent liquid crystals, and also paving the way for the fabrication of high efficiency luminescent mesomorphic compounds.
